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ABSTRACT 


The  objective*  frf  the  rwimh  project;  supported  by  the  ARO 
contract  ehovn  above^4ere  thoee  of defining  the  nacronolecule  or 
aacroaoleeules  that  function  ae  the  glutamate  receptor  in  synatpic 
aeabranee  of  brain  neurons,  of  deaonatrating  that  functional 
reconetltution  of  theee  el tee  in  a  aeabrane  bilayer  can  be  accoapliehed, 
and  of  etudying  the  aolecular  topography  of  these  aitea  in  such 
aeabranee.  The  studies  perforaed  during  the  tenure  of  this  contract 
have  led  to  the  isolation  of  a  giutaaate  binding  protein  froa  bovine  as 
veil  as  rat  brain  synaptic  aeabranee,  and  a  coaplete  biochemical 
characterization  of  both  proteins.  Furthermore,  antibodies  have  been 
raised  against  these  tvo  proteins,  and  the  antibodies  against  the  bovine 
brain  protein  have  been  used  in  extensive  iaaunocheaical  and 
iaaunocytocheaical  studies.  The  iaaunocheaical  studies  have  revealed  a 
high  degree  of  specificity  of  these  antibodies  that  is  associated  with  a 
selective  inhibition  by  the  antibodies  of  both  giutaaate  binding  to  the 
isolated  protein  and  glutaaate-induced  ion  flux.  Substantial  progress 
has  been  aade  in  the  iaaunohistocheaical  labeling  of  neurons  with  these 
antibodies  and  in  tracing  the  labeled  sites  at  the  light  and  electron 
aicroscopic  level.  Concurrently,  a  series  of  studies  has  been  perforaed 
to  develop  the  aethodology  for  the  reconstitution  of  a  giutaaate 
receptor-like  function  in  liposoaes  and  for  the  functional 
reconstitution  of  a  partially  or  cospletely  purified  giutaaate  binding 
protein.  These  studies  have  led  to  a  successful  reconstitution  of  a 
glutamate-stimulated  ion  flux  response  in  such  liposoaes  vith  a  highly 
purified!  preparation  of  the  giutaaate  binding  protein.  It  is  our 
opinion  jt hat  we  have  obtained  good  initial  evidence  to  suggest  that  the 
giutaaate  binding  protein  that  ve  have  isolated  is  related  to  soae  type 
of  receptor  activity  in  brain  neurons. 
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FOREWORD 

An  important  araa  of  currant  sciantific  investigation  is  the  exploration 
of  the  nature  of  the  receptors  for  the  excitatory  transaitter  L-glutaaic 
acid.  Based  on  our  current  knowledge,  L-glutaaate  is  the  aost  vide-spread 
excitatory  systea  in  brain  tissue  and  is  thought  to  be  involved  in  abnoraal 
neurological  states  such  as  the  appearance  of  seizures,  the  neurological 
daaage  seen  in  cerebral  ischeaia,  and  possibly  the  neurological  daaage 
associated  vith  such  disease  states  as  Huntington's  chorea  and  Alzheiaer's 
deaentia.  In  addition,  glutaaate  receptors  aay  be  the  target  for  either  the 
priaary  or  secondary  actions  of  various  neurotoxins.  It  is  for  these  reasons 
that  aany  investigators  are  exploring  the  aechanisas  of  activation  of  the 
glutaaate  receptors  in  the  central  nervous  systea  of  aaaaals  and  atteapting 
to  develop  approaches  for  the  inhibition  or  aodulation  of  the  activity  of 
these  receptors. 

STATEMENT  OF  THE  PROBLEM  STUDIED 

The  area  of  ivestigation  that  ve  have  pursued  is  related  to  the 
aolecular  characterization  of  the  protein  that  aay  be  functioning  as  the 
receptor  site  for  L-glutaaate  and  for  other  neuroexcitatory  aaino  acids  and 
toxins.  The  approaches  that  ve  have  followed  in  our  studies  were: 

a)  Isolation  and  characterization  of  a  glutaaate  binding  protein  froa 
both  bovine  and  rat  brain  synaptic  aeabranes. 

b)  Characterization  of  the  activation  of  glutaaate  receptor-like 
responses,  i.e.  ion  flux  activation  by  glutaaate  and  other  excitatory 
aaino  acids,  in  synaptic  aeabranes,  in  liposoae-reconstituted  proteins 
froa  synaptic  aeabranes,  and  in  liposoae-reconstituted  preparations  of 
the  isolated  glutaaate  binding  protein. 

c)  Developaent  of  antibodies  against  the  glutaaate  binding  protein  and 
use  of  these  antibodies  to  define  the  distribution  and  function  of  this 
protein,  including  the  elucidation  of  the  aolecular  topography  of  the 
binding  protein. 


SUMMARY  OF  THE  MOST  IMPORTANT  RESULTS 
a)  Isolation  and  characterization  of  a  brain  glutaaate  binding  protein 

A  glutaaate  binding  protein  has  been  purified  in  our  laboratory  froa 
both  rat  and  bovine  brain  synatpic  aeabranes.  Both  proteins  have  been 
purified  to  hoaogeneity  as  revealed  by  the  fact  that  a  single  protein  species 
was  obtained  on  SDS  gel  electrophoresis,  a  single  protein  species  was  seen  on 
isoelectric  focusing,  and  a  single  NH^  terainal  aaino  acid  (tyrosine)  was 
detected  for  both  proteins.  Co-electrophoresis  of  these  two  proteins  in  SDS 
gel  systeas  yields  a  single  protein  band,  i.  e.  these  two  proteins  are 
indistinguishable  by  this  procedure.  Under  conditions  for  optiaal 
deteraination  of  their  binding  activity,  both  proteins  exhibit  siailar 
constants  for  glutaaate  binding.  These  results  have  been  described  in  tvo 


UNCLASSIFIED 


<  a  -,f  '  Per a  ft 


av.v.v.v: 


UNCLASSlfitU 


ik'iLSl'ii 


ICCuniT  Y  Cl  AS&l'tCATiON  O'  Tm»S  PAOCflOi*  £)•#•  S/ifaratfJ 


publications  and  the  dissertation  of  Dr.  W.  L.  Chittenden  (see  list  of 
publications). 


b)  Characterization  of  glutasate  receptor-like  responses  in  synaptic 
seabranes  and  in  liposoae-reconstituted  protein  preparations. 


Functionality  of  glutaaate  and  other  excitatory  aaino  acid  receptors  is 
defined  by  their  ability  to  increase  aeabrane  peraeability  for  Na  following 
exposure  of  these  preparations  to  the  aaino  acids.  In  our  studies  we  have 
deaonstrated  that  L-glutaaate  and  other  excitatory  aaino  acids,  such  as  D- 
glutaaate,  kainate,  ibotenate,  quisqualate,  and  NHDA,  increase  the 
peraeabili£g  of  synaptic  aeabranes  to  the  flux  of  Na.  This  increased 
influx  of  na  was  associated  with  a  aeabrane  depolarizing  event  as 
deterained  by  the  change  in  distributionof  the  lipophilic  probe  L  sJSCN  . 

On  the  basis  of  our  results  with  the  SCM  probe  we  have  concluded  that  the 
receptors  activated  by  the  excitatory  aaino  acid  NHDA  either  are  different 
aolecular  entities  or  they  reside  in  a  different  population  of  aeabranes  than 
the  L-glutaaate  or  kainate  activated  receptors.  This  conclusion  was  based  on 
our  observation  that  whereas  L-glutaaate  and  kainate-activated  ion  flux  was 
not  an  additive  process,  the  NHDA  and  L-glutaaate-activated  ion  flux  were 
additive.  This  would  suggest  that  kainate  and  glutaaate  aay  be  sharing 
either  coaaon  receptor  sites  or  coaaon  ion  channel  coaplexes,  whereas  NHDA 
receptors  aay  be  distinct  aolecular  entities.  The  results  of  these  studies 
are  described  in  the  publication  by  Chang,  Hichaelis  and  Roy  (1984). 


In  aore  recent  studies  we  have  found  that  we  can  solubilize  synaptic 
aeabranes  in  the  presence  of  excess  lipid  (asolectin)  and  that  under  these 
conditions  we  can  preserve  not  only  ligand  binding  activity  but  also 
glutaaate- induced  activation  of  ion  flux.  The  optiaal  conditions  for  the 
reconstitution  of  the  glutaaate  activated  ion  flux  response  include  in 
addition  to  the  excess  lipid  presence,  the  use  of  non-ionic  detergents  and 
the  reaoval  of  such  detergents  following  solubilization  by  incubation  of  the 
preparations  with  the  polystyrene  aatrix.  Biobeads.  Under  these  conditions 
of  solubilization-reconstitution,  23X  of  the  solubilized  synaptic  aeabrane 
protein  is  reconstituted  into  the  liposoaes  and  in  80-90X  of  the  experiaents 
we^have  obtained  functional  reconstitution  of  glutaaate  and  kainate-sensitive 
Na  flux  responses.  The  detergent-solubilized  and  lipid-protected  protein 
preparations  can  be  processed  further  for  the  purification  of  the  glutaaate 
binding  protein.  Me  h|ve  consistently  observed  excellent  reconstitution  of 
glutaaate-activated  Na  flux  activity  following  the  chroaatographic  isolation 
of  a  fraction  highly  enriched  in  glutaaate  binding  activity. 


Our  initial  studies  indicated  the  presence  of  at  least  soae  saall 
quantity  of  the  saall  aolecular  weight  glutaaate  binding  protein  that  we  had 
purified  previously  froa  rat  and  bovine  brain.  However,  in  aost  of  our  aost 
recent  studies  we  have  seen  enrichaent  of  a  protein  coaplex  of  aolecular 
weight  in  the  range  of  60-70  kDa  associated  with  the  fraction^  that  exhibited 
highest  glutaaate  binding  activity  and  glutaaate-activated  Na  flux  (Storaann 
and  Hichaelis,  unpublished  observations).  These  observations  were 
interpreted  in  two  ways,  that  either  the  saall  aolecular  weight  (H  ) 
glutaaate  binding  protein  was  not  related  to  the  glutaaate  receptor-ion 
channel  coaplex  or  that  the  saall  H  protein  was  a  proteolytic  degradation 
fragaent  of  a  larger  aolecular  weight  protein.  This  issue  will  be  addressed 
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c)  Developsent  of  antibodies  against  the  glutaaate  binding  protein  and 

use  of  the  antibodies  as  aolecular  probes. 

The  glutaaate  binding  protein  purified  froa  bovine  brain  vas  used  to 
develop  antisera  against  this  protein.  The  specificity  of  the  antisera  vas 
exaained  by  the  enzyee-linked  inaunoassay  procedure  (ELISA).  The  anti¬ 
binding  protein  antisera  were  found  to  be  highly  selective  for  this  glutaaate 
binding  protein,  shoving  essentially  no  cross-reactivity  against  any  of  the 
other  glutaaate-aetabolizing  enzynes,  except  for  a  lov  level  of  cross¬ 
reactivity  against  glutaaate  decarboxylase.  These  observations  have  been 
described  in  publications  by  Roy  and  Hichaelis,  1984,  Roy  et  al. ,  198S, 
Hichaelis  et  al. ,  1986,  and  in  the  dissertation  by  S.  Roy. 

The  anti-glutaaate  binding  protein  antibodies  did  not  have  any  effect  on 
either  glutaaate  transport  carriers  in  synaptic  aeabranes  or  depolarization- 
activated  glutaaate  releasing  sites  in  synaptic  aeabranes.  Hovever,  the 
antibodies  did  inhibit  glutaaate  binding  to  the  purified  protein  and 
glutaaate  activation  of  Na  flux.  These  antibodies  also  inhibited  kainic 
acid  induced  ion  flux  as  veil  as  quisqualate-induced  flux,  albeit  that  the 
inhibition  of  these  tvo  putative  receptor-ion  channel  coaplexes  vas  40-60 
tiaes  less  sensitive  than  the  inhibition  of  ion  flux  produced  by  L-glutaaate. 
The  antibodies  had  no  effect  on  the  ion  flux  brought  about  by  the  other  aajor 
excitatory  aaino  acid,  NHDA.  Based  on  these  observations  ve  have  concluded, 
once  again,  that  the  L-glutaaate,  kainate  and  quisqualate  receptor  coaplexes 
aay  be  related  aacroaolecular  entities,  vhereas  the  NHDA  receptors  detected 
in  our  assays  are  probably  different  aacroaolecular  species. 

In  our  aost  recent  studies  using  iaaunoblotting  procedures,  ve  have 
found  that  the  antibodies  that  ve  have  raised  react  very  strongly  vith  a 
synaptic  aeabrane  protein  of  estiaated  aolecular  veight  equal  to  70  kDa  on 
SDS  gel  electrophoresis.  This  protein  is  rather  readily  degraded  by 
proteolytic  enzyaes  to  the  IS  kOa  protein  that  ve  had  previously  identified 
as  the  glutaaate  binding  protein.  We  have  recently  purified  the  70  kDa 
protein  in  the  presence  of  five  rpotease  inhibitors  and  have  shovn  that  the 
coapletely  pure,  hoaogeneous  protein  is  a  68-70  kDa  glutaaate  binding 
protein.  The  ligand  binding  characteristics  of  this  protein  are  identical  to 
those  ve  had  previously  described  for  the  saaller  N  protein.  In  addition, 
vhen  this  70  kDa  protein  is  reconstituted  into  liposoaes  exhibits  excellent 
responses  to  glutaaate  in  initiating  Na  flux.  Finally,  this  protein  has  no 
glutaaate  aetabolizing  activity.  Our  current  investigations  are  focused  on 
deaonstrating  the  relationship  of  this  70  kDa  protein  to  the  intact  glutaaate 
receptor  coaplex  in  synaptic  aeabranes  and  to  the  previously  identified 
snail  Hr  glutaaate  binding  protein. 


CONCLUSIONS 


We  believe  that  our  studies  aay  yield  the  first  coaplete  purification  of 
an  excitatory  aaino  acid  receptor  protein  that  may  be  used  to  eodel  studies 
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on  the  activity  of  thaaa  vary  important  brain  transaitters.  In  addition,  ve 
faal  that  va  ara  at  tha  threshold  of  developing  the  techniques  for  using  this 
glutaaate  binding  protein  in  screening  or  detection  systeas  for  the 
evaluation  of  the  toxicity  of  neurocheaical  toxins  and  other  lethal  or 
incapacitating  agents. 
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